Replication of virus can take place in naturally resistant cells, provided that measures are taken to circumvent the barrier to infection presented at the cell surface. Holland and his associates (9) initiated infection in resistant chick embryo cells with poliovirus ribonucleic acid (RNA). Subsequently Enders and his co-workers (4) and Neff and Enders (11) showed that complete poliovirus replicates in hamster cells and chick embryo cells exposed to inactivated Sendai virus. It was suggested that the virus was incorporated into the cytoplasm of these naturally resistant cells during the Sendai virus-induced process of cell fusion in which the cellular membrane is impaired or ablated. It was proposed that this technique might be employed as a means of isolating agents which have not yet been cultivated in vitro.
The foregoing observations raised the question of whether the natural barrier in cells resistant to infection by deoxyribonucleic acid (DNA) viruses, which replicate in the nucleus rather than in the cytoplasm, could also be overcome by cell fusion. For it seemed that with such intact agents the nuclear membrane might provide a second barrier to successful entry of the virus into the only cellular compartment in which replication can take place. An answer to this question might not only extend the potential usefulness of Sendai virus in overcoming cellular resistance but also help to define other barriers to infection that may exist in the naturally insusceptible cell.
Feline herpesvirus (FHV; 3) was selected as the test organism, since this agent replicates in vitro to high titers and produces easily recognizable intranuclear inclusion bodies in feline kidney (FK) cells but has been found to exhibit no detectable effect on cells from a variety of other species (2, 10) .
MATERIALS AND METHODS
Viruses. FHV, isolate number 1217, was generously supplied by Abraham Karpas (10) . Pools of virus were prepared by harvesting infected primary feline kidney cells and medium after the development of extensive cytopathic effect. The virus suspension was frozen and thawed three times, clarified by slow centrifugation, and stored at -60 C. Stock preparations consisting of materials representing the 4th to 13th virus passages were employed. Infectivity titers of these preparations in feline kidney cell monolayer cultures varied from log 6.5 to 7.5 TID10/0.1 ml.
Sendai virus was prepared and inactivated with jspropriolactone (BPL) and stored as described by Neff and Enders (11) (Fig. 2) . On further cultivation, the giant cells detached from glass and disappeared. TID50/0.1 ml (Fig. 4) when the entire cultures were frozen and thawed. The supernatant fluids from these cultures contained log 3.5 TID50/0.1 ml prior to freezing and thawing.
Penetration of virus. The penetration of FHV into HEL and FK cells was determined by quantitating the disappearance of attached virus after exposure for 2 hr to cell monolayers at 25 and 4 C. FHV disappeared from FK cultures 100 times faster at 25 than at 4 C. FHV adsorbed to HEL cells disappeared at the same rate at 4 and 25 C. The rate of disappearance at both these temperatures was the same as that at 4 C in FK cells. In other experiments, trypsin was found to inactivate extracellular FHV very rapidly (Fig. 5) . When HEL cells that had adsorbed large quantities of FHV were exposed to the same concentration of trypsin, the cell-associated virus was inactivated at the same rate as extracellular virus (Fig. 4) (Fig. 6 ). When FHV in high multiplicities was added to the monolayer prior to fusion, characteristic CPE was subsequently noted (Fig. 7) . Early changes consisted of retraction and increased granularity of giant cells with disruption of the cell sheet. This process was evident on the first day after inoculation and continued for 2 to 3 days, until only a few unfused cells remained adhered to the glass. On continuing incubation, these remaining cells eventually multiplied and recovered. The nuclei in single polykaryons varied in appearance. Some nuclei exhibited no observable changes, whereas others showed progressive CPE (Fig. 8) , distinguished by fragmentation of the chromatin which was followed by inclusion body formation and finally extreme karyorrhexis. The trypsin.
polykaryons and the number of nuclei with inclusions in each polykaryon were roughly proportional to the size of the inoculum, with doses ranging from log 5.0 to 7.5 TID50/0. F -, . : . . . . . . . . . . . . . . . . . . . . . . . . . . . -°i n e --°. B ' ' : ' ; : , ; . ; . ; . ; : . : . . . . : ] , . . . . . . . . . . . . . . . . . other cytopathic changes ending in deterioration of the cell, provided that concentrated BPLinactivated Sendai virus was subsequently added. Accordingly, the technique of cell fusion by which the natural barrier to entry of RNA viruses into resistant cells can be overcome is also applicable to DNA viruses. The infection thus induced, however, is abortive since, in the human cell system, virus capable of continuous replication in susceptible FK cells could not be demonstrated.
No additional barrier to entry of the virion at the nuclear membrane which was considered a priori a possibility was revealed in these studies. The absence of a second barrier may be attributed either to the differences between the nuclear and cytoplasmic membranes which in the former may permit penetration of the virion and in the latter prevent it, or to uncoating of the virus in the cytoplasm. The second alternative is supported by the findings of Hochberg (8) , who showed that radioactively labeled DNA but not the coat proteins of herpes simplex virus is gradually transported into nuclei.
The present results accord with the concept of Enders et al. (4) It is interesting that only some of the nuclei in single polykaryons demonstrated CPE. Cell fusion occurs simultaneously with, or at least very early after, infection. Irregularity of signs of infection in the nuclear population of the polykaryons suggests, therefore, that virus-coded products which are made in the cytoplasm can act fully only in nuclei which contain a viral genome or that some essential products are made directly in infected nuclei. This suggestion is consistent with the finding that the proportion of nuclei in polykaryons with CPE is dependent on the size of the virus inoculum and is therefore presumably not determined by the physiological state of the nuclei. Roizman, Spring, and Roane (14) , using fluorescent antibodies, have shown that some herpes simplex viral antigens are segregated in the nucleus or in the cytoplasm and that, within the limits of detection, each antigen accumulates in one compartment only.
Tlhe absence of infectious virus in the infected human cells points to one or more defects in the virus-cell relationship that are independent of the barrier to penetration. The number of potential defects in abortive infection probably equals or exceeds the number of genes in the infecting virus. One of them may be, as Spring and her associates (13) have shown in the case of abortive herpes simplex virus infection of dog kidney cells, the failure of envelopment of the virus at the inner nuclear membrane. Definition of the defects, however, in the replication of the FHV in the human cell system we have employed must await further experimentation. Preliminary electron microscopic studies of our abortively infected cells indicate that intranuclear virusassociated alterations are present. More detailed studies of changes in the fine structure of these cells will be reported later.
